The Sovi Basin is a site within the Pacific-Asia Biodiversity Transect (PABITRA) network. It is located in Naitasiri Province, Viti Levu, and represents the largest area of undisturbed lowland forest within the Fiji Islands. It is considered to be one of the most biologically diverse areas within the PolynesiaMicronesia biodiversity hot spot. Four intensive surveys conducted between 2003 and 2015 assessed vertebrate fauna within the Sovi Basin. The study confirmed the biological importance of the site when compared with other locations within Fiji: 85%, 50%, 39%, and 38% of the Viti Levu fauna of birds, mammals, herpetofauna, and ichthyofauna were recorded during the surveys, respectively. In addition to the rich native and endemic fauna, invasive species were recorded (mongoose, feral pigs, black rats, red-vented bulbuls, tilapia, and cane toads), the impact of which is completely unknown. Further monitoring and possible management of these invasive species is needed to ensure that the Sovi Basin is appropriately managed for nature conservation. In addition, emerging threats such as a proposed mining scheme and agricultural activities are discussed in relation to the ecological integrity of the site for conservation purposes.
The Sovi Basin, located in Naitasiri Province, Viti Levu, represents the largest area of undisturbed lowland forest (ca. 100 -600 m altitude) within the Fiji Islands (Keppel et al. 2011 , Keppel et al. 2012 ). Covering about 19,600 ha, it is considered to be one of the most biologically diverse areas within the Polynesia-Micronesia biodiversity hot spot ( IUCN 2013) . About 50% of the total native flora has been recorded within the basin (Keppel et al. 2011 , Tuiwawa 1999 , and it is also recognized for its importance as a site for both vertebrates and invertebrates. Although it is only about 35 km from the capital, Suva, it is physically isolated, being ringed by steep volcanic peaks, and therefore hard to access. Due to its isolation and its high biodiversity, the Sovi Basin is considered to be an area of substantial conservation value and is important as a refuge for native plant and animal communities that have been compromised by invasive species and human activities elsewhere (Keppel et al. 2012) .
In recognition of the regional and national importance of the Sovi Basin, conservation efforts resulted in protection of the site. Organizations including the Fiji Government, NZ Aid, McArthur Foundation, Darwin Initiative, Wildlife Conservation Society, Pacific Biological Foundation, Australian Government, Food and Agriculture Organization, Conservation International, Fiji Water, University of the South Pacific, and National Trust of Fiji have all contributed to support this action. In 2012, the Sovi Basin Protected Area became legally protected when it was formally leased by the National Trust of Fiji from the landowning communities (represented by the iTaukei Land Trust Board). Reports, including the influential Fiji Biodiversity Strategy and Action Plan (Government of Fiji 2007), have been strong drivers for such conservation action to be taken. The lease is long term (99 yr) and for conservation purposes ( National Trust of Fiji 2014) . This arrangement was facilitated by partnerships with Conservation International and the Fiji Water Foundation. To ensure that the goal of long-term conservation can be met, Conservation International has also established the Sovi Basin Trust Fund. This fund is intended to finance conservation action beyond the 99-yr lease. The fund is designed to meet commitments regarding compensation for lost timber revenues, land rents, and development of alternative economic opportunities that support both the local community and conservation efforts (Conservation International 2016) .
The basin is currently uninhabited, although the area was previously inhabited but was abandoned due to poor soils and access difficulties ( IUCN 2013) . Under the management plan, landowners may use the protected area for traditional harvesting and fishing purposes and will be directly involved with the implementation of the management plan at all levels. Subsistence hunting of feral pigs and some harvesting of prawns, eels, and freshwater fish is conducted by the landowners. However, although the land area itself is now strongly protected and managed, this conservation action does not eliminate threats to the biota of the area. In particular, invasive species do not respect conservation area boundaries and pose a substantial threat to ongoing conservation efforts. For example, incursions of the African tulip tree (Spathodea campanulata) are known to threaten the site.
The Sovi Basin is included within the Pacific-Asia Biodiversity Transect (PABI-TRA) network of survey sites (Keppel 2005, Mueller-Dombois and Daehler 2005) . The PABITRA project focuses on biodiversity assessments across the Pacific-Asia region, with strong involvement from locally based scientific communities (Mueller-Dombois 2008) . Within this project, four key data types are included for collection (species inventory, community description, ecological data, and long-term monitoring). This study addresses the first of these priorities. Following the site's inclusion in the PABITRA network, knowledge regarding species within the Sovi Basin has been strengthened through a series of intensive biodiversity assessments. Carried out over 12 yr, these assessments comprised four major biodiversity surveys that brought together a range of partners and provide an important record of Fijian ecology.
Comparison of results from similar assessments conducted at other locations within Fiji could provide valuable information regarding both species representation and their biological importance. However, such comparisons are difficult because there are relatively few published studies that attempt to systematically describe vertebrate species composition. However, some studies have been completed ( Table 1) and provide vital baseline information to evaluate the comparative importance of specific sites for conservation purposes.
We provide a synthesis of surveys of endemic, native, and introduced vertebrates ( birds, mammals, herpetofauna, and ichthyofauna) conducted in the Sovi Basin over 12 yr and compare these results with Viti Levu checklists. We characterize species assemblages of endemic and native species and evaluate the threat posed by invasive species to the integrity of the reserve. We hypothesized that given the isolation of the area, invasive species incursions might be limited and new invasion occurrences infrequent. Management options are considered in relation to our findings and recommendations made.
materials and methods

Surveying: General Methods
Four intensive surveys were conducted within the Sovi Basin between 2003 and 2015 supported by multiple organizations ( Table 2) . Base camps were established ( Figure 1 ), and Wainavalau (−17.90546°, 178.2223°) and Wainavobo (−17.92079°, 178.24729°) were utilized more than once. For this synthesis, data were collated from unpublished reports, technical reports, and other sources including Morrison (2003b Morrison ( , 2006 , Morrison and Naikatini (2008) , Morrison and Nawadra (2009) , Morrison et al. (2010) , and Pene and Tuiwawa (2016) .
Sampling for each vertebrate group ( birds, mammals, herpetofauna, and fish) was done using appropriate observational methods (described further later in the article). All surveys were conducted by highly experienced surveyors. The four surveys were conducted over similar durations and focused on extending sampling coverage by surveying a new geographical area on each occasion. Due to this, and the observational approach adopted, data were summarized on a presence basis. In addition, these data were consolidated to create a single record of observation with an additional frequency measure that simply represented the number of survey occasions on which each species was observed (1 -4). These records were compared with checklists for Viti Levu as a whole. It was assumed that, given the intensive nature of the surveys, the sampling effort on each survey occasion was sufficient to achieve a reliable picture of species extant within the surveyed areas.
We compared the sightings of any invasive species against the ISSG Global Invasive Species Database and identified species recognized as the "100 worst" as a measure of threat ( ISSG 2015) . We also compared endemic and native species against the IUCN's Red List categorization (CR, Critically Endangered; EN, Endangered; VU, Vulnerable; NT, Near Threatened) excluding LC (Least Concern) to identify threatened species found within the Sovi Basin ( IUCN 2015) . The bird species were also assessed according to the Fiji Threat Status ( Watling 2013) , which includes three key categories for species: AR (At Risk), CC (Conservation Concern), and DD (Data Deficient), with the lists of threatened species usually derived directly from the IUCN Red List. 
Surveying: Birds
Birds were surveyed on most days from first light (ca. 0600 hours) until about 1000 hours and in the afternoon from 1500 hours to 1700 hours (peak detectability periods) in all years. In 2003 and 2004, most of this time was spent in the forest quietly walking and stopping regularly for periods of several minutes to listen and watch, while recording all observed species. From 2006 onward a point count method was adopted following the method of Bibby et al. (2000), utilizing an observer and recorder to conduct the surveys. Stations were placed at least 200 m apart to minimize the likelihood of double counting. In 2006, 10 stations were surveyed using an 8 min count period, recording all birds detected within a 50 m radius of the point station. Point counts were done at locations adjoining the camp areas that were established along the route of travel. In 2015, a 5 min count period was used with 90 stations surveyed following the method above. The 5 min count was adopted to allow additional locations to be assessed. In addition to the point surveys, opportunistic recordings were made when previously undetected species were observed.
The checklist of Viti Levu birds was compiled based primarily on Watling (2001), Dutson (2006), and Watling (2013) , which summarized the distribution of Fiji's 68 species of breeding land birds. In addition, further data were integrated into the checklist from surveys conducted by the Institute of Applied Science, Birdlife International, Environmental Consultants Fiji, and the National Trust of Fiji collected over the last 20 yr.
Surveying: Mammals
Unlike the bird survey, the mammal survey was conducted opportunistically. While carrying out bird counts we also recorded Pteropus spp. (fruit bats) if observed. Because the bird counts were conducted during the day, this method was more focused towards recording P. samoensis, which is considered a more diurnal species than P. tonganus. If a bat roost was observed, a GPS location was recorded, species identified, and population estimated by direct count. Occasionally, if there was a good opening on a ridge that was accessible, mist nets were set up, which were opened and monitored throughout the night. In addition, if a bat detector was available, then it was operated around the camp to detect microspecies. Rat trapping was mainly done around the camp or along trails using domestic rat traps. Trapping was carried out over 2 to 3 nights, and the number of traps ranged between 10 and 20. All the rats caught were identified, and other mammal species such as mongoose and wild pigs were recorded anecdotally following observation. The Viti Levu checklist was sourced from Pernetta and Watling (1978) and Atkinson and Atkinson (2000) .
Surveying: Herpetofauna
Herpetofauna were sampled by intensive visual surveys. Frogs were surveyed primarily using standard nocturnal visual surveys using head torches between 2000 hours and 2200 hours each night, along streamside transects or in terrestrial sites away from water. Diurnal active visual surveys of 2 to 4 hr duration were also conducted along stream edges (for frogs) and in other forest habitats (for lizards or snakes) by a minimum of three observers.
The Viti Levu checklist was sourced from the comprehensive field guide published by Morrison (2003a) , which was the first compilation of all data on Fiji's herpetofauna; the 1991 monograph on the lizards of Fiji (Zug 1991 
Surveying: Ichthyofauna
A combination of sampling techniques was used to survey the ichthyofauna within the Sovi Basin, namely: (1) observation with mask and snorkel; (2) the use of a spear to catch large mobile species such as flagtails (Kuhlia 
results
In total, 34 native (including endemic) and one invasive bird were observed over the four surveys, representing 85% and 11%, respectively, of species found on Viti Levu ( Table  3) ( Watling 2001, Masibalavu and Dutson 2006) . The invasive Pycnonotus cafer (red-vented bulbul) was also observed, a species included in ISSG's invasive species database. For the bird species, most were observed on at least three occasions, indicating that the populations were established rather than ephemeral ( Table 3) .
The two bat species observed, P. samoensis and P. tonganus, are both native to Fiji (Palmeirim et al. 2007 ) and represent 50% of the native or endemic mammals known to be present on Viti Levu. They were observed on all sampling occasions. Pteropus samoensis is designated under the IUCN Red List ( NT). Three introduced mammals were also observed, which represent 25% of those recorded on Viti Levu ( Table 4 ). The three introduced species (Sus scrofa vittatus, Herpestes spp., and Rattus rattus) are listed within ISSG's "100 worst" invasive species. No microbat species were recorded, including the endangered Emballonura semicaudata (Scanlon et al. 2014) .
Seven native (including endemic) and one introduced herpetofauna species were observed, which represented 39% and 17%, respectively, of Viti Levu species ( Table 5) . Of the native or endemic species, four have IUCN Red List threatened designations: Emoia concolor ( NT), E. parkeri ( VU ), Lepidodactylus manni ( VU ), and Platymantis vitianus (EN ). Most of the species were observed on at least three occasions ( Table 5) , although L. manni and Candoia bibroni were observed only once. The invasive species Rhinella marina (cane toad) is included in the world's 100 worst invasive species.
Fifteen native (including endemic) and two introduced ichthyofauna species were observed, which represented 38% and 20% of Viti Levu species, respectively ( Polynesia-Micronesia hot spot). From the four surveys conducted to date, 85%, 50%, 39%, and 38% of the known Viti Levu fauna for birds, mammals, herpetofauna, and ichthyofauna, respectively, have been recorded in the Sovi Basin. These records are equivalent or generally higher than observations made at other sites in Fiji ( Table 1) and highlight the importance of Sovi Basin as a refuge for both Fiji and Viti Levu endemic and native species. Four of the 10 herpetofauna species endemic to Fiji were recorded, as well as one of the three fish species endemic to Fiji. In addition, 13 of the 15 birds endemic to Fiji were observed, and both bird species that are endemic to Viti Levu. As survey coverage increases, the species checklists are likely to grow, further strengthening the perceived biodiversity value of the area. Continued conservation efforts are therefore important to maintain this site of exceptional importance for biodiversity within the PolynesiaMicronesia hotspot. In general, observations of species were repeatedly made between successive sampling occasions, indicating both that the sampling effort was sufficient and that the populations remained extant within the surveyed areas. Ichthyofauna species appeared to be the most difficult to sample, and it may be necessary to increase sampling effort given that the species may be difficult to observe. Due to the remoteness (rugged terrain) of Sovi Basin, this resulted in the inability to use electrofishing equipment, which would have standardized the method of sampling over the years.
The Sovi Basin appears to have a limited number of invasive species, but the effect of these species within the area is completely unknown. Both terrestrial and freshwater habitats are compromised by the presence of invasive species that are considered to pose a substantial threat to ecosystem integrity. The presence of tilapia in freshwater systems within the Sovi Basin is concerning. Oreochromis mossambicus and O. niloticus have both been recorded, but it is not known whether they are present due to intentional release or fish farm escape. These species are omnivorous and pose a threat to many native and endemic species, causing competitive displacement of native species, habitat alteration, and predation ( Jenkins et al. 2010 , Russell et al. 2012 ). In addition, the cane toad (R. marina) was observed along the riparian edge of river systems. The species was introduced into Fiji as a pest-control agent in sugarcane plantations in the 1930s (Morrison 2003b) . It is known to compete with native frogs for food and breeding habitats (Morrison et al. 2004 , Thomas et al. 2011 , and because it is toxic at all life stages, it can pose a threat to native predators such as snakes, birds, and fish. Invasive mammals included the mongoose ( Herpestes spp.), which has been introduced to many tropical islands in an attempt to control rats and snakes ( Veron et al. 2007, Simberloff and Rejmanek 2011) . Mongoose are diurnal and generalist carnivores. Although associated most strongly with human-altered habitats, they can also invade natural ecosystems, with a consequent impact on native species (Gorman 1975, Morley and Winder 2013) . Escaped or released pigs (S. scrofa vittatus) were also observed during the study. Feral pigs are able to disrupt ecological processes (e.g., succession and species composition) through nest building and soil rooting and are considered to be "ecosystem engineers" (Crooks 2002 , ISSG 2015 . The continued hunting of pigs by local landowners is probably an important conservation measure to reduce the population of this species. The black rat (R. rattus) was also observed and is commonly found in forest habitats. Its broad feeding habits pose a substantial threat to native fauna and flora, and the species has been associated with substantial declines of birds on small islands (Atkinson 1984 , Angel and Cooper 2006 , Veitch et al. 2011 . Although invasive species have a great impact on many of Fiji's islands, the Sovi Basin has probably escaped the most serious impacts due to its remoteness and isolation. However, given that invasive species that are known to pose a threat are already present within the Sovi Basin, it will take concerted effort to monitor and, if needed, manage these species. Long-term monitoring and management are vital because development and habitat loss in adjacent areas could still pose a threat to the relative isolation of the protected area and may contribute to changes in the proximity of source populations of invasive species. These changes in habitat quality around the Sovi Basin are recognized as a "pressure indicator" for monitoring and evaluation of the conservation status of the area ( National Trust of Fiji 2014).
Studies within the Sovi Basin and other remote forested areas in Fiji have shown that rat and mongoose activity was highest to- wards the margins of these forests and highlighted the importance of protecting these critical forest buffers (the outermost 4.5 km of forest) to give better security to the remote core forest areas (Olson et al. 2006) . Regular monitoring of the peripheral forests nearest to human settlements outside the Sovi Basin has also been recommended as a location to monitor the encroachment of invasive geckoes and assess their ability to invade native forest (Pene and Tuiwawa 2016 ). An adjoining catchment, the Wainavadu Valley (southeast of the Sovi Basin), is currently being assessed as a potential mine waste disposal site for an opencast mine that would be located less than 5 km from the Sovi Basin Protected Area boundary. If mining does go ahead, then substantial development will occur in the adjacent Wainavadu Valley. This may lead not only to fragmentation of the lowland forest system but also to increased risk of incursions of invasive and exotic species (Laurance et al. 2009 ). The Wainavadu Valley, as well as the high-elevation Korobasabasaga Range behind it, was originally to have been part of the protected area. They were removed from the final lease agreement to allow them to be assessed as part of the mining project, despite them being considered an integral component of the Sovi Basin Protected Area, ecologically and biogeographically. This decision may result in a severed connection between the intact lowland forests of Sovi Basin and the higherelevation forests of the Korobasabasaga Range, a landscape connectivity that has become increasingly rare and that in itself warrants protection (Olson et al. 2009 ). In addition, other land use changes including conversion for agricultural purposes may also impact on the integrity of the site. Such development may also increase connectivity between humanimpacted land areas, influencing the risk of introduced species incursions or inadvertent release of other species. Tropical forest systems are considered to be particularly sensitive to the impacts of roads and other linear disturbances (Dawson and Weste 1985 , Goosem and Marsh 1997 , Gascon et al. 1999 , Walsh et al. 2004 , Brown et al. 2006 , Goosem and Turton 2006 , Goosem 2008 . This study highlights the need for concerted action in areas of such outstanding biological value and provides a baseline against which to measure 
